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New  ff-Ethyl  Compounds  of  Dimolybdenum  (M»M)  and 
Evidence  for  Dinuclear  Reductive  Elimination  with  a Concomitant 
Metal -Metal  Triple  to  Quadruple  Bond  Transformation: 
Et-MsM-Et  IPM  + C2H4  + CzHg. 


Sir: 

Transition  metal  complexes  containing  a-ethyl  ligands  are 
prone  to  thermal  decomposition  by  an  initial  step  involving 
p-hydrogen  elimination:^  M-C2H5  M-H  + C2H4.  This  reaction  is 
surpressed  when  the  metal  is  coordinatively  saturated  and  attains 
an  18-valence  shell  electronic  configuration. ^ We  report  here  (i) 
the  preparation  of  the  thermally  stable  a-ethyl  dimolybdenum  com- 
pounds M02Et2(NMe2)  4 and  Mo2Et(0Bu*')  5 , in  which  the  ethyl  ligands 
are  coordinated  to  unsaturated  metal  centers^  and  (ii)  the  reaction 
between  Mo2Et2 (NMe2) 4 and  CO2  which  proceeds  according  to  eq  1 
and  provides  a model  reaction  for  studies  of  dinuclear  reductive 
elimination. * 

1 Mo2Et2(NMe2)4  + 4C02  Moj  (OjCNMej)  4 + C2H4  + CzHg 

Mo2Cl2(NMe2) 4 * reacts  smoothly  at  -7B°C  with  EtLi  (2  equiv) 
in  hydrocarbon  solvents  to  give  the  yellow,  crystalline  compound 
Mo2Et2(NMe2) 4 which  may  be  obtained  analytically  pure®  by  sublim- 
ation (60-70°C,  10  * mmHg)  in  greater  than  70^  yield  based  upon  eq  2. 

2 M02Cl2(NMe2)4  + 2LiEt  -►  Mo2Et2  (NMe2)  4 + 2LiCl 

The  NMR  spectrum  of  M02Et2(NMe2) 4 obtained  in  toluene-dg 
at  -61°C  at  270  MHz  is  shown  in  Figure  1.  This  corresponds  to  the 
low  temperature  limiting  spectrum  of  a mixture  of  anti  and  gauche- 
rotamers  of  an  ethane-like  molecule  (Me2N) 2EtMoaMoEt (NMej) 2* ^ Note 
the  methylene  protons  of  the  gauche  rotamer  (but  not  the  anti-rotamer) 
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are  diastereotopic  and  form  part  of  an  ABX3  spectrum.  At  90°C 
rotation  about  the  M-N  bonds  is  rapid  on  the  NMR  timescale  leading 
to  the  coalescence  of  proximal  and  distal  N-Me  signals  but  rotation 
about  the  MaM  bond  (anti  =:  gauche  isomerization)  is  still  slow. 

In  the  mass  spectrometer  there  is  a strong  molecular  ion 
M02(NMe2)4Et2^  (™/e  * 430)  and  an  ion  Mo2(NMe2)4^  (™/e  * 372) 
corresponding  to  the  loss  of  2Et. 

Mo2Et2(NMe2) 4 reacts  rapidly  at  room  temperature  with  tert- 
butanol  in  benzene  according  to  eq  3. 

3 M02Et2(NMe2)4  + Bu*^0H(ex)  MO2Et(0Bu^)5  + 4 HNMej  + CaHg 

t ** 

Mo2Et(0Bu  ) 5 is  a burgundy-red  solid  which  sublimes  with  some 

decomposition  at  60-70°C  10  * miiHg.  The  NMR  spectnm  at  low 
temperature  (-76°C)  at  270  MHz  in  toluene-dg  consists  of  a simple 
triplet  and  quartet  for  the  Et  ligand  and  two  resonances  in  the 
ratio  of  3;2  for  the  OBu^  groups.®  This  is  consistent  with  an 
ethane-like  molecule  (Bu^O)  2 (Et)MoaMo(OBu*')  3 in  which  rotation 
about  the  MosMo  bond  is  rapid  on  the  NMR  timescale.® 

Mo2Et2(NMe2) 4 in  toluene  reacts  rapidly  with  CO2  4 
equiv)  to  give  a pale-yellow  finely  divided  precipitate.  This 
compound  has  not  been  structurally  characterized  but  is  considered 
to  be  Mo2(02CNMe2) 4 and  to  have  the  dimolybdenum  tetraacetate 
structure  (fPM) on  the  following  grounds;  (i)  analytical  data^^, 
(ii)  infrared  data^*,  and  (iii)  the  appearance  in  the  mass  spectrum 
of  a very  strong  ion  corresponding  to  Mo2(02CNMe2) 4^  (this  is  the 
ion  of  highest  mass)  and  the  doubly  charged  ion  Mo2(02CNMe2) 4^'*’. 

The  compound  is  not  appreciably  soluble  in  hydrocarbon  solvents, 
nor  CD2Cl2>  but  is  sparingly  soluble  in  pyridine.^® 

In  a sealed  NMR  tube  reaction  Mo2Et2 (NMe2) 4 in  toluene-dg 
was  reacted  with  CO 2 (>  4 equiv) . The  finely  divided  pre- 

cipitate was  centrifuged  to  the  top  of  the  tube  and  the  NMR 
spectmm  of  the  clear,  virtually  colorless  solution  was  recorded. 
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The  only  proton  signals  observed  corresponded  to  ethylene  and 
ethane  which  were  in  the  integral  ratio  of  4;6,  respectively.^"* 

We  conclude  that  the  reaction  between  Mo2Et2(NMe2) 4 and  CO2  proceeds 
stoichiometrically  according  to  eq  1 and  as  such  provides  a model 
reaction  for  detailed  studies  of  dinuclear  reductive  elimination.^® 

A simple  intramolecular  mechanism  involving  an  initial  p -hydride 
elimination,  Et-MoaM-H  + C2H4,  followed  by  C-H  reductive  elimination 
across  the  MohMo  bond,  Et-MosMo-H  -*  Et-H  + MoSMo,  satisfies  all  our 
observations. 

In  contrast  to  the  above  we  find  that  M02Me2(NMe2) 4* reacts 
with  CO2  according  to  eq  4. 

4 Mo2Me2(NMe2)4  + 4C02  -♦  Mo2Me2C02  (NMe2)  4 

The  compound  M02Me2 (02CNMe2) 4 is  of  sufficient  thermal 

j. 

stability  to  allow  the  detection  of  the  molecular  ion  Mo2Me2 (02CNMe2) 4 
in  the  mass  spectrometer.  In  the  solid  state  and  in  solution 
Mo2Me2(02CNMe2) 4 is  believed  to  share  the  W2Me2(02CNEt2) 4 structured‘s 
which  has  a planar  C-WaW-C  unit  with  a C-W-W  angle  equal  to  106°. 
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